###### Strengths and limitation of this study

-   This nationwide cohort study is the first study that gives insight in trends in the risk of cardiovascular disease (CVD) mortality and hospitalisation for CVD following breast cancer between 1996 and 2010 in the Netherlands.

-   Trends in CVD mortality following breast cancer were compared with CVD mortality of the general population. Absolute risks were standardised according to the age distribution of women of the general population.

-   The validation study showed high accuracy of breast cancer discharge codes notified in the hospital discharge register.

-   From 2005 onwards, the participation of hospitals in registering patients' discharges decreased from 100% coverage to 89% in 2010, and therefore, not all women with breast cancer in the Netherlands could be identified.

-   This study had no information on breast cancer characteristics and CVD risk factors other than type of breast cancer diagnosis (in situ/invasive) and age.

Introduction {#s1}
============

Breast cancer is the most frequently diagnosed cancer among women worldwide.[@R1] Breast cancer survival is high in developed countries due to early detection and effective treatments.[@R1] The combination of high breast cancer incidence rates and high survival rates has resulted in a large group of breast cancer survivors.[@R1] In 2018, the estimated number of women who have survived breast cancer after being diagnosed within the preceding 5 years is 6.87 million worldwide.[@R1] Many of these survivors will die of other medical conditions than breast cancer. Cardiovascular disease (CVD) is an important cause of death in women of the general popualtion,[@R4] and also in women with breast cancer.[@R5]

Previous studies reported associations between some breast cancer treatments and the development of CVD, including anthracycline-based chemotherapy,[@R6] trastuzumab,[@R8] and radiotherapy treatments.[@R9] The highest risks of treatment-induced cardiotoxicity are seen in patients with preexisting CVD risk factors such as hypertension and high age.[@R11]

In the last decade, many efforts have been made to reduce the risk of CVD induced by breast cancer treatments. Cancer therapies with a lower risk of cardiotoxicity are increasingly being chosen for patients with a high risk of CVD if this does not impair cancer-specific outcomes.[@R13] Cardiac monitoring before, during, and after treatment with trastuzumab to detect reversible cardiotoxicity is recommended care in the Netherlands.[@R14] In parallel, women with breast cancer have also been exposed to improvements in pharmacological prevention of CVD with antihypertensive and statins and non-pharmacological prevention programmes such as antitobacco programmes, and campaigns focusing on the importance of physical activity.[@R15] However, no recent trend data about CVD mortality and hospitalisation after breast cancer are available. The purpose of this study was to investigate trends of risks in CVD mortality and CVD hospitalisation following breast cancer diagnosis in 1996--2010 compared with those in women without breast cancer in the Netherlands.

Methods and materials {#s2}
=====================

Study population {#s2a}
----------------

Data for the present study were obtained from three Dutch national registries. The Dutch population register was used to obtain demographic characteristics, available from 1995 to 2015. Hospital discharge register was used to identify women admitted for breast cancer and CVD hospitalisation, available until 2010. The cause of death registry was available until 2015, providing data on causes of death (ie, CVD, breast cancer or any other cause).

Details of the registries and linkage procedures used to obtain data for this study have been described previously.[@R18] Briefly, all registries have a unique record identification number, which is assigned to each resident in the Netherlands. This number is a combination of birth date, sex, and postal code, and is unique for 84% of the Dutch population. Linkage of data from the different registries was performed in a secured environment of Statistics Netherlands and complies with the privacy legislation in The Netherlands and with the Declaration of Helsinki.[@R19] For this study using national registries, no approval of the ethics committee is required.

For the present study, women from all ages with a first hospital admission for in situ (ICD-9: 233, International Classification of Diseases, Tenth Revision, Clinical Modification \[ICD-10\]: D05) and invasive breast cancer (ICD-9: 174, ICD-10: C50) between 1996 and 2010 were identified. Surgical removal of breast cancer is standard procedure for breast cancer treatment in the Netherlands. We estimate that \<5% of the patients with breast cancer were missed due to refusal of surgery.[@R20]

For every identified woman with a breast cancer hospital admission, it was examined if she had a previous hospital admission for breast cancer in the preceding year. In total, the breast cancer study population consisted of 163 881 women, 12 378 (7.6%) were diagnosed with in situ and 151 503 (92.4%) with invasive breast cancer. For the comparison with the general population, women of the general population without breast cancer were identified, ranging from 3 661 141 in 1996 to 4 566 573 in 2010. For this analysis, we focused on women from 40 years or older, because in breast cancer women younger than 40 the prevalence of CVD mortality per year was too low to perform accurate standardisation.

Patient and public involvement {#s2b}
------------------------------

Patients and public were not involved directly in this study.

Outcome assessment {#s2c}
------------------

Patients were followed until 31 December 2015 for death from CVD and until 31 December 2010 for hospitalisation due to CVD. Causes of death were coded according to the ICD-10: death from CVD (A18.2, A52.0, D18, G45, I00--I99, K55, M30--M31, P29.3, Q20--Q28, R00--R02, R07.1--R07.4, R09.8, R16.1, R23.0, R55, R57.0, R58, R59, R60, R94.3), death from breast cancer (C50, D05) and death from any cause. Causes of death were based on the primary cause of death, that is, the underlying disease that led to death. Hospitalisation due to CVD was coded according to ICD-9: 017.2, 093, 228, 289.1--289.3, 390--459, 557, 745--747, 780.2, 782.3, 7825, 7826, 785, 786.50--786.59, 789.2, 794.30--794.39.

Validation of breast cancer hospital discharge codes {#s2d}
----------------------------------------------------

A validation study was performed to assess the accuracy of breast cancer discharge codes notified in the hospital discharge register. In total, 90 patients from the University Medical Center Utrecht were randomly selected (five to six patients per year from 1996 to 2010). Medical records of these patients were manually checked for discharge ICD-9 code and discharge date. Breast cancer diagnosis was confirmed in all patients (online [supplementary table A](#SP1){ref-type="supplementary-material"}). Six hospital discharge register codes were slightly incorrect as the date of discharge differed with the correct date: 1 day (n=1), 2 weeks (n=2), 2 months (n=2) and 5 months (n=1).
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Data analysis {#s2e}
-------------

Median (IQR) was calculated to describe variables with skewed distribution. Time at risk for CVD mortality and hospitalisation started at date of breast cancer admission until date of CVD mortality or hospitaliation, respectively. Follow-up time was censored at the date of death for patients who died from causes other than CVD, breast cancer, or end of study (31 December 2015 for mortality and 31 December 2010 for CVD hospitalisation). Absolute risks were standardised according to the age distribution of women of the general population aged 40 years and older in 1996, with 5-year age groups, and presented per year of breast cancer admission (1996--2010). Absolute risk of death from CVD (per 1000 women) was calculated within 5, 7, and 10 years after year of breast cancer admission and reference year for women of the general population. Absolute risk of CVD hospitalisation (per 1000 women) was calculated within 1, 3, and 5 years after year of breast cancer admission. Shorter time periods for CVD hospitalisation were chosen because it was expected that possible cardiotoxic effects of breast cancer treatments may have a direct effect on CVD hospitalisation but less on CVD mortality. Previous studies showed an association between heart failure and coronary heart disease and prior exposure to chest irradiation,[@R9] chemotherapy,[@R21] trastuzumab[@R23] and aromatase inhibitors.[@R25] Therefore, we investigated whether hospitalisations for heart failure, coronary heart disease, and other cardiovascular diagnoses changed over the years. To account for competing risks, we also provided cardiovascular mortality expressed per 10 000 person-years. CVD mortality rates per 10 000 person-years were calculated within 5 and 10 years after breast cancer admission by age group: 40--50, 50--64 and ≥65 years. Lastly, a Cox proportional hazard model was used to estimate the age-adjusted hazard ratio (HR) of death from CVD and death from breast cancer within 5 years after breast cancer admission for each year (1997--2010) compared with 1996. Two-sided α with p\<0.05 was designated as significant. All analyses were performed using SPSS V.22.0.

Results {#s3}
=======

The majority of patients (51.3%) were 60 years or older at time of breast cancer admission ([tables 1 and 2](#T1 T2){ref-type="table"}). Up to 2015, 5.6% of patients died of CVD and 22.7% of patients died of breast cancer ([table 1](#T1){ref-type="table"}). Death from CVD mainly occurred among patients aged 60 years or older (93.4%). After a median follow-up of 4.3 years (IQR=1.7--8.0) following breast cancer, 19.7% of patients were hospitalised for CVD ([table 2](#T2){ref-type="table"}). Seventy per cent of women with breast cancer with a hospital admission for CVD during follow-up were 60 years or older at time of breast cancer treatment ([table 2](#T2){ref-type="table"}). Overall, the absolute risk of death from CVD is lower in women with breast cancer compared with women from the general population. The CVD mortality rate following breast cancer decreased from 56 per 1000 women in 1996 to 41 per 1000 women in 2005 (relative reduction of 27.8%, [figure 1](#F1){ref-type="fig"}). In the general population, this decreased from 73 per 1000 women in 1996 to 55 per 1000 women in 2005 (relative reduction of 23.9%). The relative risk for 5-year, 7-year, and 10-year CVD mortality for women with breast cancer compared with women from the general population remained similar over time ([figure 1](#F1){ref-type="fig"}).

![Trends in age-standardized 5-year, 7-year, and 10-year cardiovascular disease mortality per 1000 patients with breast cancer and women from the general population. Relative reduction (%) shows the relative change in cardiovascular disease mortality compared with reference year 1996.](bmjopen-2018-022664f01){#F1}

###### 

Deaths from cardiovascular disease among 163 881 women with breast cancer

                                                                    Total breast cancer population   Breast cancer patients who died from CVD   Breast cancer patients who died from breast cancer
  ----------------------------------------------------------------- -------------------------------- ------------------------------------------ ----------------------------------------------------
  Breast cancer patients, n (%)\*                                   163 881 (100)                    9115 (5.6)                                 37 187 (22.7)
  Type of breast cancer, n (%)                                                                                                                  
   In situ                                                          12 378 (7.6)                     483 (5.3)                                  607 (1.6)
   Invasive                                                         151 503 (92.4)                   8632 (94.7)                                36 580 (98.4)
  Calendar period of breast cancer admission, n (%)†                                                                                            
   1996--1999                                                       39 485 (24.1)                    3540 (38.8)                                12 698 (34.1)
   2000--2003                                                       44 211 (27.0)                    2936 (32.2)                                10 946 (29.4)
   2004--2007                                                       45 378 (27.7)                    1825 (20.0)                                8882 (23.9)
   2008--2010                                                       34 807 (21.2)                    814 (8.9)                                  4661 (12.5)
  Age at breast cancer admission in years, n (%)                                                                                                
   \<50                                                             36 720 (22.4)                    121 (1.3)                                  8777 (23.6)
   50--59                                                           43 054 (26.3)                    481 (5.3)                                  8664 (23.3)
   60--69                                                           39 144 (23.9)                    1613 (17.7)                                7985 (21.5)
   70--79                                                           29 555 (18.0)                    3640 (39.9)                                7111 (19.1)
   \>79                                                             15 408 (9.4)                     3260 (35.8)                                4650 (12.5)
  Follow-up time in years                                                                                                                       
   Median (IQR)                                                     8.5 (5.3--12.7)                  6.3 (3.3--10.0)                            3.1 (1.2--6.2)
  Follow-up time intervals in years, n (%)                                                                                                      
   \<1                                                              10 256 (6.3)                     692 (7.6)                                  8044 (21.6)
   1--4                                                             26 054 (15.9)                    2921 (32.0)                                16 897 (45.4)
   5--9                                                             61 602 (37.6)                    3232 (35.5)                                8664 (23.3)
   \>9                                                              65 969 (40.3)                    2270 (24.9)                                3582 (9.6)
  Interval years between breast cancer admission and death, n (%)                                                                               
   \<5                                                              36 301 (54.4)                    5052 (55.4)                                24 941 (67.0)
   5--9                                                             18 912 (28.4)                    2686 (29.5)                                8664 (23.3)
   \>9                                                              11 403 (17.1)                    1377 (15.1)                                3582 (9.6)

\*Percentage of total breast cancer population (n=163 881).

†Data on cause of death were available until 2015. Absolute risks of death from CVD decrease with more recent calendar period.

CVD, cardiovascular disease.

###### 

Hospitalisations for cardiovascular disease among 163 881 women with breast cancer

                                                                                  Total breast cancer population   Breast cancer patients hospitalised for CVD
  ------------------------------------------------------------------------------- -------------------------------- ---------------------------------------------
  Breast cancer patients, n (%)\*                                                 163 881 (100.0)                  32 276 (19.7)
  Type of breast cancer, n (%)                                                                                     
   In situ                                                                        12 378 (7.6)                     2144 (6.6)
   Invasive                                                                       151 503 (92.4)                   30 132 (93.4)
  Calendar period of breast cancer admission, n (%)†                                                               
   1996--1999                                                                     39 485 (24.1)                    11 135 (34.5)
   2000--2003                                                                     44 211 (27.0)                    10.564 (32.7)
   2004--2007                                                                     45 378 (27.7)                    7687 (23.8)
   2008--2010                                                                     34 807 (21.2)                    2890 (9.0)
  Age at breast cancer admission in years, n (%)                                                                   
   \<50                                                                           36 720 (22.4)                    4155 (12.9)
   50--59                                                                         43 054 (26.3)                    6507 (20.2)
   60--69                                                                         39 144 (23.9)                    8582 (26.6)
   70--79                                                                         29 555 (18.0)                    8713 (27.0)
   \>79                                                                           15 408 (9.4)                     4319 (13.4)
  Follow-up time in years                                                                                          
   Median (IQR)                                                                   4.3 (1.7--8.0)                   3.2 (1.1--6.6)
  Follow-up time intervals in years, n (%)                                                                         
   \<1                                                                            27 276 (16.6)                    7620 (23.6)
   1--4                                                                           64 138 (39.1)                    13 365 (41.4)
   5--9                                                                           47 665 (29.1)                    8038 (24.9)
   \>9                                                                            24 802 (15.1)                    3253 (6.6)
  Interval years between breast cancer admission and CVD hospitalisation, n (%)                                    
   \<1                                                                            8766 (5.3)                       8766 (27.2)
   \<3                                                                            17 485 (10.7)                    17 485 (54.2)
   \<5                                                                            23 273 (14.2)                    23 273 (72.1)

\*Percentage of total breast cancer population (n=163 881).

†Data on hospital admissions were available until 2010. Absolute risks of hospitalisation for CVD decrease with more recent calendar period.

CVD, cardiovascular disease.

Women admitted to the hospital with breast cancer in 2010 had 42% lower (HR 0.58, 95% CI=0.48 to 0.70) age-adjusted 5-year risk of death from CVD compared with those in 1996 ([table 3](#T3){ref-type="table"}). Furthermore, women admitted in 2010 had 51% lower (HR 0.49, 95% CI=0.45 to 0.52) age-adjusted 5-year risk of death from breast cancer compared with those in 1996 ([table 3](#T3){ref-type="table"}). The 10-year CVD mortality rate after a breast cancer admission in 2005 was 139 per 10 000 person-years for patients aged 65 years or older, 11 per 10 000 person-years for patients aged between 50 and 64 years and 3 per 10 000 person-years for patients younger than 50 years ([figure 2](#F2){ref-type="fig"}). Death from CVD after breast cancer admission decreased among all age groups. The 10-year CVD mortality rate decreased from 218 per 10 000 person-years in 1996 to 139 per 10 000 person-years in 2005 (relative decrease of 36.2%) for patients aged 65 years or older, from 21 to 11 (relative reduction of 48%) for patients aged between 50 and 64 years and from 5 to 3 (relative reduction of 44.1%) for patients aged younger than 50 years.

![Trends in 5-year and 10-year cardiovascular disease mortality rates in women with breast cancer per 10 000 person-years by age. Relative reduction (%) shows the relative decline in cardiovascular mortality rates compared with reference year 1996.](bmjopen-2018-022664f02){#F2}

###### 

Relative risk of death from cardiovascular disease and breast cancer within 5 years after breast cancer admission among 163 881 women with breast cancer

  Year of breast cancer admission   Five-year CVD mortality   Five-year breast cancer mortality
  --------------------------------- ------------------------- -----------------------------------
  1996                              1                         1
  1997                              1.04 (0.88 to 1.23)       1.02 (0.96 to 1.09)
  1998                              0.91 (0.77 to 1.01)       0.92 (0.86 to 0.98)
  1999                              0.97 (0.82 to 1.14)       0.84 (0.79 to 0.90)
  2000                              0.79 (0.66 to 0.94)       0.75 (0.71 to 0.80)
  2001                              0.86 (0.73 to 1.02)       0.74 (0.70 to 0.79)
  2002                              0.81 (0.69 to 0.96)       0.73 (0.68 to 0.78)
  2003                              0.75 (0.63 to 0.89)       0.66 (0.62 to 0.71)
  2004                              0.73 (0.61 to 0.86)       0.71 (0.66 to 0.75)
  2005                              0.58 (0.48 to 0.70)       0.66 (0.62 to 0.70)
  2006                              0.63 (0.52 to 0.75)       0.63 (0.59 to 0.68)
  2007                              0.60 (0.50 to 0.75)       0.58 (0.54 to 0.62)
  2008                              0.62 (0.52 to 0.74)       0.54 (0.51 to 0.58)
  2009                              0.55 (0.46 to 0.66)       0.54 (0.50 to 0.58)
  2010                              0.58 (0.48 to 0.70)       0.49 (0.45 to 0.52)

\*HRs are adjusted for age.

CVD, cardiovascular disease.

The absolute risk of hospitalisation for CVD in the first year after breast cancer increased from 54 per 1000 women in 1996 to 67 per 1000 women in 2009 (increase of 13 hospital admissions per 1000 women with breast cancer, [figure 3](#F3){ref-type="fig"}). The increase in hospitalisations for CVD in the first year after breast cancer was mainly due to an increase in hospitalisations for high blood pressure. Hospitalisation for high blood pressure increased from 6.7 in 1966 to 11.0 hospitalisation in 2009 per 1000 women with breast cancer, accounting for 29% of the total increase in CVD hospitalisations in the first year after breast cancer. Pulmonary embolism rose from 4.4 in 1996 to 6.6 hospitalisations in 2009 per 1000 women with breast cancer, similar to 15% of the total CVD hospitalisations increase. Rheumatic heart disease/valve disease and heart failure rose from 1.4 to 2.5 and 4.7 and 5.6 per 1000 women with breast cancer during the same time period, accounting for 8% and 7% of the increase in CVD hospitalisations, respectively.

![Trends in 1-year, 3-year and 5-year age-standardised number of cardiovascular disease hospitalisations per 1000 women with breast cancer. Relative reduction (%) shows the relative decline in cardiovascular mortality rates compared with reference year 1996.](bmjopen-2018-022664f03){#F3}

Discussion {#s4}
==========

Like in the general population, the risk of death from CVD has decreased in women with breast cancer between 1996 and 2010, and mainly occurred among patients aged over 60 years. Women with breast cancer had a lower absolute risk of death from CVD than women of the general population. Over time, the absolute burden of CVD in terms of hospitalisation has increased and is considerable with nearly one out of five women having a CVD hospital admission.

In developed parts of the world, including USA and Europe, the absolute risk of death from CVD have decreased.[@R17] The decrease in deaths from coronary artery disease was for around 50% attributable to the increased use of pharmacological treatments after heart failure and myocardial infarction.[@R27] The other half was explained by reductions in risk factors like hypertension, hyperlipidaemia, smoking and physical activity.[@R27]

Similar to our study, Riihimäki *et al.* (2012) showed that the absolute risk of death from CVD, after a maximum follow-up of 19 years, is lower in women with breast cancer (27.1%) than in women from the general population (44.0%).[@R29] They investigated the risk of death from CVD using nationwide registration data and comparing all women diagnosed with breast cancer with women from the general population without a breast cancer diagnosis.[@R29] This risk of death from CVD in women with breast cancer and the general population reported by Riihimäki *et al.* (2012) is higher than in our study, and this can be explained by the longer follow-up (1987--2006 vs 1996--2015) and the higher risks of CVD in the earlier years.[@R29] Bradshaw *et al*. (2016) reported a higher absolute risk of death from CVD in women with breast cancer (9.4%) than in women from the general population (7.4%) after a maximum follow-up of 13.5 years (from 1996 to 2010).[@R30] They also found a higher relative risk of death from CVD in women with breast cancer after 7 years following diagnosis compared with women from the general population (HR 1.8, 95% CI=1.3 to 2.5), adjusted for age and CVD risk factors.[@R30] In that study, women with breast cancer were invited to participate, which may have resulted in a selected study population of patients with good prognosis. Patients with early stage breast cancer have a higher risk of death from CVD than patients with a poor prognosis as breast cancer is a competing risk.[@R31]

In the current study, we found that death from CVD mainly occurred among older women with breast cancer. This is in line with a study from Sweden on the prognosis of women with breast cancer.[@R31] They showed that 24% of women aged 65 years and above died of CVD within 10 years after breast cancer.[@R31] High age is one of the most important risk factors of CVD,[@R32] and therefore older women with breast cancer have a higher risk of dying of CVD than younger women with breast cancer.[@R13] Moreover, in the current study, we showed that older women with breast cancer had the least improvement in CVD mortality over time compared with younger women with breast cancer. It seems that older women with breast cancer do not benefit as much younger women from the worldwide improvements in CVD risk management and CVD treatments.

The results of our study show that the absolute risk of hospitalisation for CVD in the first year after breast cancer increased with 23.6% between 1996 and 2009. Seven per cent of this increase was caused by heart failure. This was less than we expected as heart failure shortly after therapy is a well-known side effect of systemic treatment including trastuzumab[@R8] and anthracycline-based chemotherapies.[@R6] Trastuzumab is a targeted therapy used to treat women with human epidermal growth factor receptor 2-positive breast cancer (approximately one in five patients).[@R33] Since 2004, trastuzumab is used as adjuvant therapy for early breast cancer.[@R34] This therapy may have resulted in more hospital admissions for heart failure as the most concerning adverse effect of trastuzumab is in particular reduced left ventricular ejection fraction and heart failure.[@R35] The risk of heart failure is four times higher in patients treated with trastuzumab alone and seven times higher in patients treated with anthracycline plus trastuzumab.[@R36] Another 29% of the increase in hospitalisation for CVD was caused by high blood pressure. Blood pressure elevation is a common side effect of cancer treatments with vascular endothelial growth factor signalling pathway inhibitors as, for example, bevacizumab. Bevacizumab is used to treat metastatic breast cancer and was introduced in Europe after 2004.[@R38] However, since an extremely small proportion of patients are treated with bevacizumab, it is unlikely to explain the 34% increase in hospital admissions due to hypertension. Pulmonary embolism explained 15% of the increased number of CVD hospitalisations and is often caused by venous thromboembolism.[@R40] This increase may be related to the thrombotic effect of the selective oestrogen receptor modulator tamoxifen.[@R41] A Danish study reported that women treated with tamoxifen had a higher risk of pulmonary embolism during the first 2 years after exposure compared with women not receiving.[@R41] Similar results have been reported by Cuzick.[@R42]

We acknowledge that this study has limitations. For every woman with a breast cancer hospital admission between 1996 and 2010, it was examined if she had a previous hospital admission for breast cancer in the preceding year. This method reduced the percentage of women with a previous hospital admission for breast cancer to 7%. Women who have been readmitted for breast cancer may have a worse breast cancer prognosis and therefore a lower risk of death from CVD. The risk of hospitalisation for CVD, however, may be higher among these women with a readmission for breast cancer, as they may have undergone previous (potential cardiotoxic) cancer therapy that resulted in CVD. From 2005 onwards, the participation of hospitals in registering patients' discharges decreased from 100% coverage to 89% in 2010. As a result, not all women with breast cancer in the Netherlands were identified. The present study had no information on breast cancer characteristics and CVD risk factors other than type of breast cancer diagnosis (in situ/invasive) and age. Lastly, our validation study showed that in 3 out of 90 patients (3.3%) the date of discharge in the registry was incorrect by 2 or more months which is some cases may have led to a wrong classification of time between breast cancer admission and CVD mortality and/or hospitalisation.

To conclude, the current study shows that the risk of death from CVD in women with breast cancer and in women from the general population decreased in the last decades. Yet, we find an increase in the number of CVD hospitalisations after breast cancer. Future studies should investigate whether the increase in CVD hospitalisations within the first year continues to rise and assess the underlying processes of this increase in more detail.
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